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(57) Abstract 

A receiving method at a mobile terminal comprising 
performing communication by a code division multiple 
access (CDMA) using a spectrum difTusion, executing an 
arrival radio wave search for detecting radio waves from 
transmission lines with different delay times and synthesizing 
receiving signals from radio waves from different 
transmission lines using a rake synthesis, wherein, when a 
detected receiving status of a receiving signal satisfies a 
preset condition, a range of delay times for executing an 
arrival radio wave search is changed. For example, when a 
phasing pitch is used as a variation of a received electric 
field, a reciprocal of a phasing pitch is compared with a 
preset threshold value or a moving speed of a mobile 
terminal calculated from a phasing pitch is compared with the 
threshold value and, if the threshold value is smaller, a peak 
search is performed only in the vicinity of the peak 
determined by the previous search. 
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(54) CDMA RECEIVING METHOD AND CIRCUIT 

(57) A Code Division Multiple Access (CDMA) 
reception method in a mobile terminal uses a spread 
spectrum to realize communication, performs a search 
of amved radiowaves that detects radiowaves of propa- 
gation paths having different delay times, and uses 
RAKE combining to combine received signals from radi- 
owaves of different propagation paths. The reception 
state of the received signals is detected, and when the 
reception state meets a prescribed condition, the range 
of delay time in which a search of arrived radiowaves is 
performed is modified. In a case in which the fading ^ 

T 

101 ) 

J- ' ^ 



pjtch is used as the amount of fluctuation of the received 
electric field, for example, the reciprocal of the fading, 
pitch is compared with a prescribed threshold value, or 
the speed, of movement of the mobile terminal is first 
calculated from the fading pitch and this speed of move- 
ment is compared with a threshold value, and when the 
threshold value is smaller, a peak search is performed 
only in the vicinities of peaks found in the preceding 
search. 
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Description 

Technical Field: 

[0001] The present invention relates to a reception 
method and reception circuit in a wireless connmunlca- 
tion system employing CDMA (Code Division Multiple 
Access), and in particular, to a reception method and 
reception circuit that employ a RAKE combining 
receiver. 

Background Art: 

[0002] CDMA is one multiple access technique in 
wireless communication systems. The application of 
CDMA in a mobile communication system made up by a 
base station and a plurality of mobile communication 
terminals has the advantages of both allowing an 
increase in the number of terminals that can be accom- 
modated by the system and a reduction of the transmis- 
sion power. 

[0003] Spread-spectrum modulation is generally 
used in communication systems that employ CDMA. In 
communication by spread-spectrum modulation, the 
transmission signals are subjected to spreading modu- 
lation using a PN (Pseudo-random Number) code as a 
spreading code on the transmitting side to spread the 
spectrum of transmission signals, and these signals are 
then sent to the receiving side. On the receiving side, 
the demodulated transmission signals are obtained by 
establishing synchronization and then subjecting the 
received signals that have a spread spectrum to 
despreading using the same PN code as was used on 
the transmission side. This PN code that is the same as 
was used on the transmission side is referred to as the 
"spreading code replica." 

[0004] Although direct sequence is used as the 
method of spread-spectrum modulation in the following 
explanation, the same discussion holds true if a fre- 
quency-hopping spread modulation or the like is 
employed. 

[0005] Radio waves that arrive at a receiving station 
from a transmitting station include, in addition to direct 
waves, i.e., the component that is propagated directly 
from the transmitting station to the receiving station, 
components that are reflected by, for example, moun- 
tains, the ground surface, and buildings, and reach the 
receiver by different propagation paths. The number of 
radiowave components that pass over different paths 
are equal in number to the different propagation paths, 
and the time for each radiowave component to arrive at 
the receiving station differs according to the length of 
path taken to arrive at the receiving station. These radi- 
owave components that pass over different paths are 
referred to as the multlpath components. Collecting and 
combining these different radiowaves having different 
arrival times while giving each a delay time according to 
the time to arrive would allow addition of these signals 



to the received signal of the direct wave, thereby ena- 
bling a larger received signal than for the direct wave 
alone, an improvement in S/N (signal-to-noise ratio), 
and with this improvement in S/N ratio, a reduction in 

5 transmission power. 

[0006] The direction of amval of a radiowave com- 
ponent as seen from the receiver differs for each propa- 
gation path, and the technique of increasing reception 
sensitivity by receiving and combining radiowaves that 

10 arrive from many directions is called RAKE combining 
because a visual representation would be similar to a 
rake. 

[0007] Fig. 1 is a block diagram showing the config- 
uration of a conventional receiver used in a CDMA com- 
15 munication system that employs RAKE combining, i.e., 
a RAKE receiver. Although here referred to as a 
receiver, this is actually a mobile temninal that communi- 
cates with a base station in a CDMA mobile communi- 
cation system. 

20 [0008] This receiver is provided with: antenna 222, 
transmission/reception filter 221 connected to antenna 
222 for separating transmission signals and received 
signals; reception radio-frequency unit 201 connected 
to the receiving-side port of transmission/reception filter 

25 221 for amplifying and frequency-converting radio-fre- 
quency received signals received at antenna 222 and 
converting it to received signals on the baseband; a plu- 
rality of baseband reception units 202 that receive base- 
band received signals in parallel from reception radio- 

30 frequency unit 201 and perform despreading of 
received signals using a prescribed PN code; power 
combiner 204 that combines signals after despreading 
that are outputted from each of baseband reception 
units 202; reception speech processor 206 for decoding 

35 the combined signal to a speech signal; ear receiver 
207 for outputting speech after processing; and arrived 
radiowave search circuit 203 that performs a search of 
an-ived radiowaves of each propagation component for 
carrying out RAKE combination and that reports the 

40 timing of despreading for each of baseband reception 
units 202. The example shown in the figure is provided 
with six baseband reception units 202. In this case, 
reception radio-frequency unit 201, baseband reception 
units 202, arrived radiowave search unit 203, power 

45 combiner 204, reception speech processor 206, and ear 
receiver 207 constitute a reception unit. This receiver is 
further provided with a transmission unit that is made up 
of: microphone 210 that converts input speech to an 
electronic signal (speech signal), transmission speech 

50 processor 211 that encodes the speech signal that is 
outputted from microphone 210, baseband transmis- 
sion processor 213 that spread-modulates the encoded 
signal by a prescribed PN code and converts it into 
baseband transmission signals; and transmission radio- 

55 frequency unit 214 that converts baseband transmis- 
sion signals to radio-frequency transmission signals. 
The output of transmission radio-frequency unit 214, 
i.e., radio-frequency transmission signals, are applied to 
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the transmission-side port of transmission/reception fil- 
ter 221. 

[0009] Since the arrival tinnes of radiowaves differ 
for differing propagation paths, the receiver shown in 
Fig. 1 not only has a plurality of baseband reception 
units 202 for despreading the baseband signals, but 
uses an-ived radiowave search circuit 203 to find the 
arrival time of each component having a different prop- 
agation path. An-ived radiowave search circuit 203 then 
reports the arrival time (delay time) of the radiowave 
component of each propagation path to a respective 
baseband reception unit 202, and each baseband 
reception unit 202 carries out despreading of the 
received radiowaves white shifting the timing of the PN 
code in accordance with the reported arrival time. Since 
the timing of the PN code is shifted according to the 
arrival times, the signals that are outputted from each of 
baseband reception units 202 after despreading have 
matched phase, and combination of the power of these 
signals at power combiner 204 enables a larger 
received signal. In a RAKE receiver, the component that 
carries out despreading for each arrival time is called a 
■finger" The above-described RAKE receiver has six 
baseband reception units 202, and thus has six fingers. 
[0010] The chip rate of the PN code that is used for 
spread modulation on the transmission side and 
despreading on the receiving side may be, for example, 
4 MHz, in which case the time per chip is 0.25 jis. In 
contrast, the difference in arrival times of the multipath 
components may reach several tens of microseconds. 
Fig. 2 is a graph showing the relation between the delay 
times (the amount of shift in chip phase) and the 
received power after despreading if the chip phase of 
the PN code used in despreading is shifted by degrees, 
for example, by 1/4 chip, in an environment in which the 
radiowaves on different propagation paths are received 
at the same time. This graph is called a delay profile. 
[0011] Since radiowaves that arrive from a trans- 
mission station by different propagation paths will have 
different arrival times, peaks will occur in the received 
power at different delay times. The example shown in 
the figure has three peaks, peak #1 , peak #2, and peak 
#3, and the spacing of these three peaks con-esponds 
to the difference in arrival times. Arrived radiowave 
search circuit 203 searches for the positions of these 
peaks and assigns one peak to each of baseband 
reception units 202, The search for the positions of 
peaks in this case is equivalent to finding differences in 
arrival times. In each of baseband reception units 202, 
the radiowave component that has arrived by the propa- 
gation path that corresponds to the assigned peak 
undergoes despreading by carrying out despreading of 
the received signal by the PN code of the chip phase 
that corresponds to the assigned peak position. In this 
way. the received signals of the radiowave components 
of each of the different propagation paths undergo 
appropriate despreading at each baseband reception 
unit, and the despread received signals are power-com- 



bined to enable an increase in the intensity of the 
received signal and an improvement in the S/N. 
[0012] Fig. 3 is a block diagram showing an exam- 
ple of the configuration of the arrived radiowave search 

5 circuit in the conventional RAKE receiver. This an-ived 
radiowave search circuit is provided with: despreading 
unit 231 that is given a PN code and that perfomis 
despreading of received signals based on the PN code; 
integrator 232 that integrates the output signal from 

10 despreading unit 231 over the time interval of one sym- 
bol and integrates over a still longer period; dual-port 
RAM (DPRAM) that stores the output values of integra- 
tor 232; searcher circuit 235 that searches inside dual- 
port RAM, detects peaks for each delay time, and 

15 assigns peak positions for each of baseband reception 
units 202; PN code generator 236 that generates the 
PN code; and control unit 237 that both controls the 
phase of the PN code that is generated by PN code 
generator 236 and controls the write addresses of dual- 

20 port RAM 234. The despreading of received signals is 
then perfomned in despreading unit 231 while shifting 
the phase of the PN code that is generated at PN code 
generator 236 by increments of. for example, 1/4 chip; 
the output from despreading unit 231 is integrated at 

25 integrator 232; and the value of the integration result is 
stored in dual-port RAM 234 in correspondence with the 
phase of the PN code at that time. A delay profile such 
as is shown in Fig. 2 is thus stored in dual-port RAM 
234. Searcher circuit 235 searches inside this dual-port 

30 RAM 234, determines a peak position that is to be 
assigned to each of baseband reception units 202, and 
reports to each baseband reception units 202 an arrival 
time difference that corresponds to a determined peak 
position. 

35 [0013] In a mobile communication system such as 
an automobile telephone system or portable telephone 
system, at least one of a transmission station and 
receiving station can be assumed to be moving, thereby 
causing the propagation paths of radiowaves between 

40 the transmission station and receiving station to change 
minute to minute and the positions of peaks that corre- 
spond to propagation paths to also change as a result. 
In some cases, a propagation path may disappear and 
the associated peak may vanish, or a new propagation 

45 path may occur and a new peak also appear as a result. 
In particular, a delay profile may change abruptly when 
a mobile unit is moving at high speed, and the peaks of 
arrived radiowaves must constantly be searched to pre- 
vent loss of the peak positions. 

50 [0014] As an example, Japanese Patent Laid-open 
No. 181704/97 (JP, 09181704,A) discloses a multipath 
search method and CDMA signal receiver that can fol- 
low changes in the delay profile of a CDMA signal and 
perfomn RAKE combination of a plurality of propagation 

55 paths. In this method, a receiver is used that includes a 
search finger and tracking fingers that are similar to the 
above-described baseband reception unit. As shown In 
Fig. 4, the levels of received signal are detected at all 
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chip phases by the search finger in Step S1 as the initial 
operation. Based on the mean received signal level that 
is detected in this initial search, paths that are to 
undergo RAKE combining are selected in Step S2, and 
the phases of these selected paths are detected using 
the tracking fingers. After performing integration and 
damping, demodulation is performed for each path, fol- 
lowing which RAKE combining is carried out. Each 
tracking finger has the function of independently track- 
ing each path. When paths overlap, i.e., when the same 
peak is assigned to tracking fingers, a selected path is 
reassigned to one tracking finger based on ranking 
information of the received signal levels in Step S4. On 
the other hand, the search finger shown in Step S3 
detects the received signal levels for all chip phases of 
the range of delay times that are to undergo RAKE com- 
bining. An average is taken for each chip phase and 
RAKE combining paths are selected at a fixed period, 
and a corresponding spreading code replica code (PN 
code) is then given to each tracking finger. 
[001 5] Rg. 5 is a block diagram showing the config- 
uration of the CDMA signal receiver disclosed in the 
above-described Japanese Patent Laid-open No. 
181704/97. This receiver is provided with a plurality of 
tracking fingers 300, search finger 350, long code 
spreading code replica generator 381 that generates a 
PN code. RAKE combining path selector 382 for select- 
ing paths that are to undergo RAKE combining: detec- 
tors 383 that each perform absolute synchronous 
detection of the output of a respective tracking finger 
300; and RAKE combining circuit 385 that performs 
RAKE combining of the output of each detector 383 and 
outputs as an output signal. A received input spread sig- 
nal is supplied to each tracking finger 300 and search 
finger 350. 

[0016] Since each tracking finger 300 is provided 
with an independent tracking function as described in 
the foregoing explanation, two sets of multipliers 301 
and 302 and integration -damping circuits 304 and 305 
are provided for tracking in addition to multiplier 303 and 
integration-damping circuit 307 that are provided for sig- 
nal reception. Multipliers 301 to 303 are for multiplying a 
PN code with a received input spreading signal and per- 
forming desp reading, and integration -damping circuits 
304, 305, and 307 are for integrating the outputs of mul- 
tipliers 301 to 303 at fixed time intervals. Amplitude 
squaring circuits 308 and 309 are provided for squaring 
each of the outputs (amplitudes) of integration-damping 
circuits 304 and 305 for tracking. In addition, each track- 
ing finger 300 is provided with: subtracter 31 0 for calcu- 
lating the difference in outputs of amplitude squaring 
circuit 308 and 309; loop fitter 311 for receiving the out- 
puts of subtracter 310; spread code replica timing con- 
trol signal generator 312 for determining the amount of 
delay (timing) of the PN code based on the output of 
loop filter 311; and spreading code replica delay unit 
306 for giving a delay, for each of multipliers 301 to 303, 
to a PN code from long code spreading code replica 



generator 381 based on control signals from spreading 
code replica timing control signal generator 312 and 
outputting to these multipliers 301 to 303. 
[0017] Search finger 350 is provided with: multiplier 

5 351 for multiplying the received input spreading signal 
with the PN code; integration-damping circuit 352 for 
integrating the output of multiplier 351 at fixed intervals; 
amplitude squaring circuit 353 for calculating the square 
of the output (amplitude) of integration-damping circuit 

10 352; reception level memory 354 for storing the delay 
profile based on the output of amplitude squaring circuit 
353; and spreading code replica delay unit 355 for giv- 
ing a delay to the PN code from long code spreading 
code replica generator 381 and supplying the delayed 

15 PN code to multiplier 351 . 

[0018] As described hereinabove, the delay profile 
of the received signals must be obtained and the peak 
positions detected when. performing RAKE reception in 
a mobile communication system. In the case of the cir- 

20 cuit shown in Rg. 1 , the arrived radiowave search circuit 
must continue to search for peaks over the entire con- 
ceivable range of variation of arrival time differences for 
each multipath component, and current is therefore 
constantly consumed. Similarly, in the case of the signal 

25 receiver described in Japanese Patent Laid-open No. 
1 81 704/97, not only must the search finger be operated 
constantly, but the circuits for tracking at each tracking 
finger must also be constantly operated, and the con- 
sumed current therefore increases accordingly. In a 

30 receiver that performs RAKE combining, the circuits 
that follow output of the reception radio-frequency unit 
are typically configured to perform digital signal 
processing, and the computation load of the integrating 
process for the peak search is greater than for the inte- 
rs gration process for despreading of nomnal signals and 
therefore consumes proportionally more power. Moreo- 
ver, the process of searching dual-port RAM or received 
level memory to find peak positions entails a process of 
step-by-step comparison of the data inside this memory 

40 and this also leads to greater power consumption. 

Disclosure of the Invention: 

[0019] A search of arrived radiowaves that is per- 
45 formed by the conventional method to realize RAKE 
reception as described hereinabove results in a high 
level of power consumption, and in particular, raises the 
problem of reducing the possible talk time of a mobile 
terminal that presupposes the use of a battery drive, 
50 i.e., in an automobile telephone terminal or portable tel- 
ephone terminal. 

[0020] It is therefore a first object. oj^gh^e .jjr^^ 
invention to provide a reception method that can 
shorten the time of operation of an anrived radiowave 
55 search circuit in a mobile terminal that performs RAKE 
combining and thus reduce consumption of cun^ent. 
[0021] It is a.second object of the present invention 
to provide a reception circuit that can shorten the time of 
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operation of an arrived radiowave search circuit in a 
nnobile terminal that perfornns RAKE combining and 
thus reduce consumption of current 
[0022] The first object of the present invention is 
achieved by a reception method in a mobile temninal s 
that realizes communication by Code Division Multiple 
Access (CDMA) using a spread spectrum, that performs 
a search of arrived radiowaves to detect radiowaves of 
propagation paths having different delay times, and that 
uses RAKE combining to combine received signals io 
from radiowaves of different propagation paths; wherein 
the reception method is a CDMA reception method 
comprising the steps of detecting the reception state of 
received signals, and changing the range of delay time 
in which a search of arrived radiowaves is performed is 
when the reception state satisfies a prescribed condi- 
tion. 

[0023] The first object of the present invention is 
also achieved by a reception method in a mobile termi- 
nal that realizes communication by Code Division Multi- 20 
pie Access (CDMA) using a spread spectrum, that 
performs a search of arrived radiowaves to detect the 
radiowaves of propagation paths having different delay 
times, and that uses RAKE combining to combine 
received signals from radiowaves of different propaga- 25 
tion paths; wherein the reception method is a CDMA 
reception method comprising the steps of detecting the 
amount of fluctuation in the received electric field of the 
received signals, and changing the range of delay time 
in which a search of arrived radiowaves is performed 30 
when the amount of fluctuation satisfies a prescribed 
condition. 

[0024] In the CDMA reception method according to 
the present invention, the amount of fluctuation in the 
received electric field is typically .the fading pitch or fad-^ 35 
ing depth. In.addition, a method can be proposed as the 
method of limiting the range of delay time in which, for 
example, the reciprocal of the fading pitch is compared 
with a prescribed threshold value, or the speed of move- 
ment of the mobile terminal is calculated from the fading 40 
pitch and this speed of movement is compared with a 
threshold value, and if the threshold value is smaller, a 
peak search is carried out only in, for example, the vicin- 
ities of previously found peaks, i.e., the vicinities of 
p^eaks found in a previous search. 45 
[0025] The second object of the present invention is 
realized by a CDMA reception circuit, which is a recep- 
tion circuit in a mobile temninal that realizes communica- 
tion by Code Division Multiple Access (CDMA) using a 
spread spectrum and that uses RAKE combining to so 
combine received signals from radiowaves of different 
propagation paths; that comprises: baseband reception 
means that performs despreading of received signals, 
electric field intensity measurement means that detects 
the amount of fluctuation in the received electric field, ss 
and an arrived radiowave search circuit that performs a 
search of an^ived radiowaves that detects the radio- 
waves of propagation paths of different delay times and 



assigns radiowaves of different propagation paths to 
respective baseband reception means; and in which the 
range of delay times of the search of arrived radiowaves 
that is performed by the an-ived radiowave search circuit 
is modified when the amount of fluctuation satisfies a 
prescribed condition. 

[0026] In the CDMA reception circuit of this present 
invention, the baseband reception means is typically 
made up from a plurality of baseband reception units 
required for RAKE reception, i.e., a plurality of fingers. 
[0027] The delay. time of a radiowave on each prop- 
agation path changes with movement of the mobile ter- 
minal, but it can be assumed that change in the arrival 
times will be higher at high speeds of movement, and 
lower at low movement speeds. When the change in the 
arrival time is low. peaks should be searched only in the 
vicinities of previously found arrival times, and there is 
no need for the arrived radiowave search circuit to con- 
tinue to search for peaks over the entire conceivable 
range of change in chip phase. Alternatively, the search 
for arrived radiowaves can be performed intemnittently. 
[0028] In the case of a mobile terminal, fading is 
ot>served with movement. The time interval between 
troughs in the received electric field due to fading is 
referred to as fading pitch, and fading pitch is dependent 
on the speed of movement of the mobile terminal. In the 
present invention, the fading pitch is measured, and this 
measured fading pitch is compared with a prescribed 
threshold value, or the speed of movement that is esti- 
mated from the measured fading pitch is compared with 
a prescribed threshold value. The speed of movement 
of the mobile temninal is determined to be low if the 
threshold value falls below the fading pitch (in other 
words, if the threshold value is greater than the recipro- 
cal of the fading pitch), or if the threshold value is 
greater than the speed of movement. If the speed is 
detemnined to be low, the search of an-ived radiowaves 
is performed only in the vicinities of previously found 
arrival times for each propagation path. This configura- 
tion allows the arrived radiowave search circuit to be 
operated intermittently and can realize a reduction in 
the power consumption of the entire mobile terminal. 
Instead of determining if the speed of movement of the 
mobile terminal is high or low from the fading pitch, the 
present invention also allows determining whether fad- 
ing is observable or not. If there is no fading, it can then 
be determined that the mobile tenminal is actually not 
moving. I.e., is stationary, and in this case the search 
range of the an-ived radiowave search circuit can be 
drastically limited to realize a still greater reduction in 
power consumption. In this case, the absence of fading 
means that, for example, fading is substantially not 
observable. 
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Brief Description of Drawings: 
[00291 

Fig. 1 is a block diagram showing the construction s 
of a conventional receiver that employs RAKE com- 
bining and that is used in a CDMA communication 
system. 

Fig. 2 is a graph showing the relation between the 
amount of delay in a PN code and the received io 
power. 

Fig. 3 is a block diagram showing an example of the 
construction of an arrival time search circuit in the 
conventional receiver. 

Fig. 4 shows the procedures of a multipath search is 
method of the prior art that allows RAKE combina- 
tion of a plurality of paths. 
Fig. 5 is a block diagram showing the construction 
of a CDMA signal receiver of the prior art that oper- 
ates in accordance with the multipath search 20 
method shown in Fig, 4. 

Fig. 6 is a block diagram showing the construction 
of a receiver according to the basic embodiment of 
the present invention. 

Fig. 7 is a block diagram showing an example of the 25 
construction of the amved radiowave search circuit. 
Fig. 8 is a graph showing an example of the change 
over time of the received electric field intensity due 
to fading. 

Fig, 9 is a graph showing the relation between the 30 
amount of delay of the PN code and the received 
power, and the search range of the arrived radio- 
wave search circuit. 

Fig, 1 0 is a flow chart for explaining the operation of 
the receiver shown in Fig. 6. 35 
Fig. 11 is a view for explaining the principles of set- 
ting the threshold value. 

Fig. 12 is a graph showing another example of the 
change over time of the received electric field inten- 
sity due to fading. 40 
Fig. 1 3 is a graph for explaining a case in which hys- 
teresis is set in the threshold value. 
Fig. 14 is a graph for explaining a case in which the 
search range is switched over three levels and hys- 
teresis is set in the threshold values. 45 
Fig. 15 is a graph showing the relation between the 
amount of delay of the PN code and received 
power, and the search range of arrived radiowave 
search circuit in a case in which the search range is 
switched over three levels. so 
Fig. 16 is a block diagram showing the construction 
of a receiver according to another embodiment of 
the present invention. 

Fig. 1 7 is a flow chart for explaining the operation of 
the receiver shown in Fig. 1 6. 55 



Best Mode for Carrying Out the Invention: 

[0030] Referring now to the figures, preferable 
embodiments of the present invention are next 
explained. 

[0031] First, regarding the basic embodiment of the 
present invention will be explained. Fig. 6 is a block dia- 
gram showing the construction of a receiver in this 
embodiment. This receiver uses RAKE combining and 
is employed in a CDMA communication system. 
Although referred to as a receiver here, this unit is actu- 
ally a mobile terminal in a CDMA mobile communication 
. system and communicates with a base station. In con- 
crete tenns, this unit is constituted by, for example, a 
portable telephone. 

[0032] This receiver is provided with: antenna 22; 
transmission/reception filter 121 that is connected to 
antenna 122 for separating transmission signals and 
received signals; reception radio-frequency unit 101 
that is connected to the reception-side port of transmis- 
sion/reception filter 121 and that amplifies and fre- 
quency-converts radio-frequency received signals 
received at antenna 122 to convert these signals to 
received signals on the baseband; a plurality of base- 
band reception units 102 that receive received base- 
band signals in parallel from reception radio-frequency 
unit 101 and that perfomi despreading of the received 
signals using a prescribed PN code; power combiner 
104 that combines signals after despreading that are 
outputted from each of baseband reception units 102; 
reception speech processor 106 that decodes the com- 
bined signal to a speech signal; ear receiver 1 07 that 
outputs speech after processing; arrived radiowave 
search circuit 1 03 that performs a search of arrived radi- 
owaves for RAKE combining, detects peaks of each 
propagation component of differing delay time, and 
reports a despreading timing to each baseband recep- 
tion unit 102; and electric field intensity measurement 
unit 112 that measures the intensity of the received 
electric field based on signals outputted from power 
combiner 104 for detecting fading pitch. In the example 
shown in the figure, six baseband reception units 1 02 
are provided, i.e., the RAKE receiver has six fingers. In 
this case, reception radio-frequency unit 101 , baseband 
reception units 102, arrived radiowave search circuit 
103, power combiner 104, reception speech processor 
106, ear receiver 107, and received electric field meas- 
urement unit 112 make up the reception unit. 
[0033] This receiver is further provided with a trans- 
mission unit that is made up by: microphone 110 that 
converts input speech to electrical signals (speech sig- 
nals); transmission speech processor 1 11 that encodes 
the speech signal that is outputted from microphone 
1 10; baseband transmission unit 1 13 that spread-mod- 
ulates the encoded signal by a prescribed PN code and 
converts it to a baseband transmission signal; and 
transmission radio-frequency unit 1 14 that converts the 
baseband transmission signal to a radio-frequency 



6 



11 



EP1 096 711 At 



12 



transmission signal. The output of transmission radio- 
frequency unit 114, i.e., the radio-frequency transmis- 
sion signal, is applied to the transmission-side port of 
transmission/reception filter 121. 

[0034] Since the arrival times of radiowaves of dif- s 
ferent propagation paths differ, a plurality of baseband 
reception units (fingers) 102 are provided for despread- 
ing the baseband signals for each propagation path, 
and further, the arrival time of each component having a 
different propagation path is found by arrived radiowave io 
search circuit 103. Each of baseband reception units 
102 performs despreading of received radiowaves while 
shifting the chip phase, i.e., the timing of the PN code, in 
accordance with the arrival times that are detected by 
arrived radiowave search circuit 103. In this way, the is 
despread signals that are outputted from baseband 
reception units 1 02 are power-combined in power com- 
biner 104 to obtain a targe received signal. 
[0035] Fig. 6 is a block diagram showing an exam- 
ple of the construction of arrival time search circuit 1 03. 20 
This arrived radiowave search circuit 103 is provided 
with: despreading unit 131 that is given a PN code and 
performs despreading of a received signal based on this 
PN code; integrator 132 that integrates the signal out- 
putted from despreading unit 131 over the time interval 25 
of one symbol and then integrates this integration result 
over a still longer time interval; dual-port RAM (DPRAM) 
134 that stores the output value of integrator 132; 
searcher circuit 135 that searches inside dual-port RAM 
134, detects peaks for each delay time, and assigns a 30 
peak position for each of baseband reception units 102; 
PN code generator 136 that generates PN codes; and 
control unit 137 that performs overall control of arrival 
time search circuit 103. As will be described hereinbe- 
low, the speed of movement of the mobile unit that 35 
incorporates this receiver is estimated in this receiver by 
electric field intensity measurement unit 112, and con- 
trol unit 137 receives information from electric field 
intensity measurement unit 112 regarding whether 
mobile unit is moving at a high speed. More specifically, 40 
control unit 137 not only controls the phase of the PN 
code that is generated by PN code generator 136 and 
controls the addresses when writing to dual-port RAM 
134, but also determines the range of the peak search 
that is performed by amvai time sean^h circuit 103 45 
based on the infomnation from electric field intensity 
measurement unit 1 12 and determines the timing of the 
operation of arrival radiowave time search circuit 103. 
[0036] When a peak search is performed, the 
despreading of the received signal is carried out at so 
despreading unit 131 while shifting the phase of the PN 
code that is generated by PN code generator 136 in 
increments of, for example, 1/4 chip, as in the arrived 
radiowave search circuit (see Fig. 3) in the receiver of 
the prior art. This output is integrated by integrator 132, ss 
and the integration result is stored in dual-port RAM 
1 34. If the range of the peak search is limited at this 
time, peak search is performed only within this limited 



range. Since the speed of shifting the PN code is fixed, 
the peak search is perfomned intermittently when the 
range of the peach search is limited, as compared with 
a case in which the peak search is executed across the 
entire range. 

[0037] A delay profile is stored in dual-port RAM 
134 by the above-described process, whereby searcher 
circuit 135 searches inside dual-port RAM 234, deter- 
mines the peak positions that are to be assigned to 
respective baseband reception units 102, and reports 
the arrival time differences that correspond to the deter- 
mined peak positions to each of baseband reception 
units 102. 

[0038] In this receiver, electric field intensity meas- 
urement unit 112 measures the intensity of the received 
electric field and detects the fall in received electric field 
that is brought about by fading. This receiver, which is a 
mobile terminal, undergoes fading accorciing to the 
speed of its movement, the arrival times varying for 
each propagation path. Fig. 8 is a graph showing an 
example of the variation in received electric field inten- 
sity that is caused by fading. The time intervals between 
the minimal points (troughs) in the received electric field 
intensity caused by fading are referred to as the "fading 
pitch.** The change in received electric field intensity 
caused by fading has a strong con-elation with the 
change in the position of peak values in the received 
signal when chip phase is changed by degrees. 
[0039] Fig. 9 shows the relation between the 
amount of shift in chip phase (time interval t) and the 
received power after despreading for a case in which 
the chip phase of the PN code used in despreading is 
shifted by degrees. Radiowaves that arrive from the 
transmitting station after passing over different propaga- 
tion paths have mutually differing arrival times, and 
therefore exhibit peaks in the received power for differ- 
ent chip phases. Three peaks, peak #1 peak #2 and 
peak #3, are shown in the example shown in the figure, 
and the intervals between these peaks correspond to 
the differences in arrival times. 
[0040] If the mobile terminal moves at a high rate of 
speed, peak #1, peak #2, and peak #3 also fluctuate 
greatly in time, and arrived radiowave search circuit 1 03 
must therefore constantly search for these peaks over 
the entire conceivable range of change in chip phase. 
The arrow labeled "constant search" in the figure shows 
the search range when the mobile terminal is moving at 
high speed. If the mobile tenninal is moving at a low rate 
of speed, however, the change over time is small, and 
arrived radiowave search circuit 1 03 therefore need only 
search for timings in the small time ranges in the vicini- 
ties of timings (arrival times) that were previously 
searched, and may carry out searches with inter- 
spersed time gaps. The an-ows labeled "search ranges 
during low-speed movemenr in the figure indicate 
ranges that should be searched when the mobile termi- 
nal is moving at a low speed, i.e., indicate vicinities of 
arrival times that were previously found for each propa- 
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gation path. Accordingly, arrived radiowave search cir- 
cuit 103 can be operated intermittently instead of being 
operated constantly. Furthennore, although delay pro- 
files are stored inside dual-port RAM 134 in an'ived radi- 
owave search circuit 103, the limitation of the ranges of 
the peak search at times of low-speed movement 
results in a reduction in both the amount of data that are 
taken as objects of comparison in dual-port RAM 134 
and a reduction in the calculation load for comparison, 
and all of these factors contribute to the reduction of 
power consumption. 

[0041] In this receiver, high-speed movement or 
low-speed movement is judged based on the intensity of 
the received electric field intensity that is measured by 
electric field intensity measurement unit 112. In other 
words, low speed or high speed Is judged by finding the 
fading period of a fading pitch, in which the received 
electric field intensity experiences large decreases at 
fixed intervals as shown in Fig. 8. In an urban area 
where many buildings ere present, the presence of a 
large number of objects that reflect or diffract radio- 
waves causes the radiowaves from the transmitting sta- 
tion to exist as a type of standing wave, and the variety 
of fading becomes Rayleigh fading. As a result, the fad- 
ing pitch is determined only by the speed of movement 
of the mobile unit and the frequency of the radiowaves 
employed and is not affected by the relation between 
the direction of movement of the mobile unit that incor- 
porates this receiver or the direction of the transmitting 
station. Specifically, the fading pitch t is represented by: 

t = c/(f X V) (1) 

where v is the speed of movement, f is the employed 
frequency, and c is the velocity of light. In other words, 
the fading pitch t is inversely proportional to the product 
of the frequency of the radiowaves f and the velocity of 
movement v. If the reciprocal of the fading pitch is the 
fading frequency, the fading frequency is proportional to 
the product of the employed radiowave frequency f and 
the velocity of movement v. Since the frequency of the 
employed radiowaves is known, the speed of the 
receiver (mobile terminal) can be estimated from the 
fading pitch, (fading frequency). The estimated speed of 
movement can then be compared with a prescribed 
threshold value to distinguish between high-speed 
movement and low-speed movement. If the frequency 
of the employed radiowaves is fixed, the speed of move- 
nnent varies in inverse proportion to the fading pitch, and 
the fading pitch (or the fading frequency) can be directly 
compared with the threshold value. In an ordinary 
mobile communication system, the frequency of the 
employed radiowaves can be assumed to be fixed with 
regard to frequency assignments based on radio law. In 
any case, arrived radiowave search circuit 103 is oper- 
ated intemiittently under the control from electric field 
intensity measurement unit 112 in the case of low- 
speed movement, the search for an'ived radiowaves 



14 

need be performed only in the vicinities of previously 
searched timings (anrival times), and the average power 
consumption of arrived radiowave search circuit 103 
can be reduced. It is known that the difference between 

5 the peaks and troughs of fading increases when the 
speed of movement is high, and the difference between 
the peaks and troughs decreases when the speed of 
movement is low. Fading in which troughs are particu- 
larly deep tends to occur during high-speed movement. 

10 [0042] Fig. 1 0 is a flow chart for explaining the oper- 
ation of this receiver. 

[0043] First, in Step 1 1 , electric field intensity meas- 
urement unit 112 calculates the electric field intensity of 
received radiowaves to detect the fading pitch (fading 

15 frequency), and then determines the speed of move- 
ment of the receiver from the fading pitch. Electric field 
intensity measurement unit 112 then determines 
whether the speed of movement is high or low by com- 
paring the speed of movement with a prescribed thresh- 

20 old value. 

[0044] If the receiver is judged to be moving at high 
speed In Step 1 1 , arrived radiowave search circuit 1 03 
is placed in a constant ON state in Step 1 2 and assigns 
reception timings to each baseband reception unit 102 

25 in Step 13. Then, in Step 14, electric field intensity 
measurement unit 112 detenmines if the fading pitch 
has changed. If the fading pitch has changed, the proc- 
ess returns to Step 1 1 . If there has been no change, the 
process returns to Step 12. 

30 [0045] If the receiver is judged to be moving at low 
speed in Step 1 1 , on the other hand, the search range 
of arrived radiowave search circuit 1 03 is made smaller 
in Step 15, and reception timings are assigned to each 
baseband reception unit 1 02 in Step 1 6. Electric field 

35 intensity measurement unit 112 then judges whether 
the fading pitch has changed in Step 17. If the fading 
pitch has changed, the process returns to Step 1 1 . If the 
fading pitch has not changed, the process returns to 
Step 15. 

40 [0046] These processes eliminate the need to con- 
stantly operate an'ived radiowave search circuit 103, 
which assigns reception timings to baseband reception 
units 102, in the case of low-speed movement, thereby 
enabling a reduction in the consumption of current and, 

45 if the receiver is a portable telephone that uses a bat- 
tery, allowing a lengthening of the communication time. 
[0047] The setting of the threshold value that distin- 
guishes high-speed movement from low-speed move- 
ment is next explained. In this embodiment, based on 

50 either the speed of movement of the mobile temninal 
that is found from the fading pitch or on the fading pitch 
itself, operation is switched between turning arrival time 
search circuit 103 ON constantly and carrying out a 
peak search over the entire range of conceivable delay 

55 times, or carrying out the peak search only for certain 
limited ranges that include the previously found peak 
positions. The threshold value for this switching, i.e., the 
threshold value for determining low-speed movement or 
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high-speed movement, should be determined by con- 
sidering the potential for substantial problems arising 
from a peak search that is can-led out only in limited 
ranges. Fig. 1 1 is a view for explaining the principles for 
setting threshold value, and shows the relation between 
fading and search range. Here, a case is considered in 
which communication is perfomried using a frequency of 
2 GHz. 

[0048] If the speed of movement of the mobile ter- 
minal is assumed to be 60 km^ (16.7 m/s), equation (1) 
gives a fading pitch of 9 msec (a fading frequency of 
111.1 Hz). In other words, the received electric field 
intensity rises and falls at a period of 9 msec, as shown 
in the figure. Further, the lines labeled A, B, G in the 
figure show the time ranges of executing a process of 
calculating power by multiplying received waves in 10- 
msec units with the PN code. Since an integrating proc- 
ess accompanies the peak search, the time the calcula- 
tion continues is on the order of milliseconds. A, B, G 
correspond to the different peak positions in the delay 
profile, each being shifted from the others within a range 
of approximately ± 30 usee. 

[0049] When the receiver is moving at a speed of 
60 km/h, the electric field fluctuates greatly during the 
10-msec search period, as shown in the figure, making 
it necessary to calculate peak positions one after 
another every 10 msec. If the speed of movement then 
becomes 20 km/h, however, the fading pitch becomes 
approximately 27 msec, in which a trough in the 
received field due to fading appears every 27 msec, 
thereby allowing operation in which calculation is sus- 
pended for 10 msec after a calculation of 10 msec. It is 
possible to set the threshold value by deciding how 
much time calculation is to be suspended, and then set- 
ting the threshold value as the speed of movement that 
enables this intermittent calculation. It is also possible to 
cause operation for 10 msec and suspension of opera- 
tion for 20 msec when the speed of movement is 
approximately 1 0 km/h. 

[0050] In the foregoing explanation, the speed of 
movement was found by measuring the fading pitch in 
the received electric field, but in the present invention, 
the speed of movement can be found from measure- 
ments other than the fading pitch, and as a minimum, it 
is only necessary that high-speed movement be distin- 
guished from low-speed movement. Various methods 
that can be applied in the present invention for finding 
the speed of movement from measurements of received 
electric field are next explained. 
[0051] Fig. 12 shows an actual example of the 
change In received electric field intensity in a mobile ter- 
minal. In this case, the value of received electric field 
Intensity is measured at predetermined time intervals 
such as 5-msec intervals, and the amount of fluctuation 
is calculated as the difference between the successively 
measured values, i.e., "a" in Fig. 12. The speed of 
movement can be estimated from this fluctuation 
amount. Of course, an amount that is not the received 



electric field intensity itself but that corresponds with the 
received electric field intensity may be measured. The 
relation between the amount of fluctuation in the 
received electric field intensity and the speed of move- 

5 ment may be found in advance. Since a change in the 
speed of the mobile terminal of several km/h within a 
time range of, for example, several tens of msec is nor- 
mally inconceivable, the speed may be taken as the 
highest value among calculated values of the speed of 

10 movement that are obtained from the amount of fluctua- 
tion in the received electric field intensity within a prede- 
tennined time period. 

[0052] Alternatively, high-speed movement can be 
determined if, in a comparison of size of the amount of 

75 fluctuation in the received electric field intensity and a 
prescribed value, the amount of fluctuation is greater; 
and low-speed movement can be directly determined if 
the prescribed value is greater, A variety of values are 
conceivable as the amount of fluctuation, but the use of 

20 a fluctuation value that increases with increase in the 
speed of movement is assumed. As a result, the use of 
the fading pitch itself is not appropriate, and the recipro- 
cal of fading pitch, i.e., the fading frequency, should be 
used as the amount of fluctuation. In order to mitigate 

25 errors in the determination of speed in this case, the 
speed may be determined by integrating fluctuation 
amounts in the received electric field intensity a pre- 
scribed number of times or for a prescribed time inter- 
val. According to this integrating method, the integrated 

30 value increases if one of several measured amounts of 
fluctuation in received electric field intensity is large, i.e., 
if the trough of fading is deep. 

[0053] In addition, it can be determined that the 
mobile tenninal is moving at a high rate of speed if even 

35 one of a plurality of determined values obtained from 
the amount of fluctuation in received electric field inten- 
sity within a prescribed time period indicates that the 
receiver is moving at a high rate of speed, 
[0054] Finally, the speed of movement of the mobile 

40 tenninal can be determined by measuring the time that 
fading is at a peak or at a trough. In Fig. 1 2, for example, 
the time interval (t1) that received electric field intensity 
value falls below a prescribed value and the time inter- 
vat {t2) that the received electric field intensity exceeds 

45 the prescribed value are measured, or the time period of 
fluctuation in the value of received electric field intensity 
(t1 + 12) is measured, and the speed of movement of the 
mobile tenninal Is estimated from t1 and t2, or from t1 + 
t2. In this case, t1 and t2, or t1 + 12 are compared with a 

50 prescribed value, and it can be determined that the 
mobile terminal is moving at high speed if the period of 
fluctuation in received electric field intensity is shorter 
than a prescribed value. Finally, high-speed movement 
can be detemnined if at least one of a plurality of judged 

55 values obtained from the period of fluctuation in 
received electric field intensity within a prescribed time 
interval corresponds to high-speed movement. 
[0055] In any case, in the present invention, the 
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range of the peak search is modified after determining 
whether the mobile tenninal is moving at high speed or 
low speed based on the amount of fluctuation in the 
received electric field. Various factors can be consid- 
ered as the amount of fluctuation referred to here, but 5 
these include at least one of the fading pitch and the 
depth of the trough of fading. Further, although 
described as a determination of high-speed movement 
or low-speed movement, it is not essential that the 
speed of the mobile terminal be found as a numerical 
value. The desired effect can be obtained by a determi- 
nation that is realized by directly setting the threshold 
value to, for example, the fading pitch or the depth of the 
trough of fading. 

[0056] A hysteresis characteristic may also be 
added to the threshold value in the present invention. 
The addition of a hysteresis characteristic can prevent 
switching at an excessive frequency between a search 
of the entire search range and a partial search of a 
delay profile in cases in which the speed of the mobile 
terminal fluctuates within a range of speed close to the 
threshold value. Fig. 13 is a graph for explaining a case 
in which a hysteresis is provided. To switch between a 
mode in which a search is performed only in the vicinity 
of peaks that were previously found, i.e., the mode dur- 
ing low-speed movement, and a mode in which a search 
is performed over the entire range, i.e., the mode during 
high-speed movement, two threshold values Tl and T2 
(where Tl > T2) are set to the speed of the mobile unit 
such that switching from the mode during low-speed 
movement to the mode during high-speed movement 
occurs at threshold value Tl and switching from the 
mode during high-speed movement to the mode during 
low-speed movement occurs at the threshold value T2. 
[0057] In the above-described embodiment, the 
range in which a peak search is performed switches 
between two levels, one in which a search is performed 
over the entire range and another in which a search is 
performed only in the vicinities of previously found 
peaks, but the present invention also allows switching 
among three or more levels. In a case of switching 
between three levels, the speed of the mobile unit is 
divided into the three levels of high speed, intemnediate 
speed, and low speed instead of the two levels of high 
speed and low speed; and searching is accordingly per- 
formed across the entire range for high-speed move- 
ment but only in the vicinities of previously found peaks 
for intemiediate-speed movement and low-speed move- 
ment. If intermediate-speed movement and low-speed 
movement are compared in this case, the ranges of 
peak search for the intemnediate speed are relatively 
wide, while the ranges of peak search for the low speed 
are relatively nan-ow. Fig. 1 4 is a graph for explaining a 
case in which the ranges of a peak search are changed 
according to the three levels of high speed, intemiediate 
speed, and low speed; and the threshold value is given 
a hysteresis characteristic to demarcate each of the 
modes of high speed, intermediate speed, and low 
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speed. Regarding the speed of the mobile unit, the 
threshold values for judging high speed and intermedi- 
ate speed are made Tl and T2, and the threshold val- 
ues for judging intermediate speed and low speed are 
made T3 and T4, where T1 > T2 > T3 > T4. Thus, 
switching from the mode for intermediate-speed move- 
ment to the mode for high-speed movement occurs at 
threshold value T1 , switching from the mode for high- 
speed movement to the mode for intermediate-speed 
movement occurs at threshold value T2, switching from 
the mode for low-speed movement to the mode for inter- 
mediate-speed movement occurs at threshold value T3, 
and switching from the mode for intermediate-speed 
movement to the mode for low-speed movement occurs 
at threshold value T4. 

[0058] Fig. 15 is a view showing the relation 
between the range of peak search and the positions of 
peaks in delay profiles when the speed of the mobile 
unit is divided between high speed, intennediate speed, 
and low speed. The relation between the mode for high- 
speed movement and the mode for intemnediate-speed 
movement is equivalent to the relation between the 
mode for high-speed movement and the mode for low- 
speed movement in the case of the two- level switching 
shown in Fig. 9. In the case shown in Fig. 15, on the 
other hand, regarding the relation between the mode for 
intermediate-speed movement and the mode for low- 
speed movement with respect to the ranges of delay 
times for which a peak search is perfomned, searches 
are performed over relatively broad ranges that center 
on previously found peaks in the mode for intermediate- 
speed movement, while searches in the mode for low- 
speed movement are perfonmed over relatively narrow 
ranges that center on previously found peaks. The 
power consumption of the arrived radiowave search cir- 
cuit can be greatly reduced by making the range of the 
peak search extremely narrow in cases in which the 
mobile terminal is moving at an extremely low speed 
that is equal to or slower than the speed of walking, 
including cases in which the mobile terminal is station- 
ary. 

[0059] In the above-described examples, the speed 
of the mobile terminal was divided between the two lev- 
els of high-speed/Iow-speed or the three levels of high- 
speed/intermediate-speed/low-speed, but the speed of 
the mobile terminal may also be divided between move- 
ment and substantially no movement, i.e., standing still. 
In more concrete tenns, it may first be determined 
whether fading itself has been observed substantially or 
not, fading being judged as absent if fading is substan- 
tially unobserved, i.e., if the received field is substan- 
tially unifomri. In cases of no fading, the range of the 
peak search may be made extremely nan'ow, and in 
cases in which fading occurs or in which fading is 
observed, the peak search may be performed across 
the entire range. Dividing the speed of the mobile termi- 
nal in this way is effective for greatly reducing power 
consumption in a mobile terminal such as a mobile ter- 
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minal that is installed on a railway car, in which case the 
nnobile temninal spends most of the time either stopped 
in a station or a car shed or moving at a speed of several 
tens of kilometers per hour or more, and almost no time 
at a low-speed range of less than 20 kilometers per 
hour. 

[0060] Another embodiment of the present inven- 
tion is next described. Actual portable telephones use a 
special channel referred to as a "perch channel" for cap- 
turing or transferring control signals, and are often 
equipped with two antenna systems: a built-in antenna 
and a whip antenna that Is extracted from the case dur- 
ing use (during communication). Since the whip 
antenna cannot be used when not communicating, the 
built-in antenna is provided for receiving, for example, 
control signals that include a call termination signal. In 
this embodiment, a receiver is described that both uses 
a perch channel and is provided with two antennas, a 
built-in antenna and a whip antenna. Fig. 16 is a block 
diagram showing the construction of this type of 
receiver. 

[0061] Perch receiver 142, which is independent of 
RAKE receiver 141 for performing RAKE reception, is 
provided for receiving a perch channel. Built-in antenna 
143 is connected to first reception radio-frequency unit 
145 that amplifies and frequency-converts radio-fre- 
quency received signals that are received by built-in 
antenna 143 to convert to baseband received signals. 
The received signals from first reception radio-fre- 
quency unit 145 are not only applied to RAKE receiver 
141 and perch receiver 142, but also applied to arrived 
radiowave search circuit 149, to be explained hereinbe- 
low. On the other hand, whip antenna 144 is connected 
to transmission/reception filter 146 for separating trans- 
mission signals and received signals, and the receiving- 
side port of transmission/reception filter 221 is con- 
nected to second reception radio-frequency unit 147, 
which amplifies and frequency-converts radio-fre- 
quency received signals that are received at whip 
antenna 1 44 to convert to baseband received signals. 
Received signals from second reception radio-fre- 
quency unit 147 are applied to RAKE receiver 141, 
perch receiver 142, and arrived radiowave search circuit 
149. 

[0062] RAKE receiver 1 41 is provided with: a plural- 
ity of baseband reception units 161 that receive in par- 
allel baseband received signals from reception radio- 
frequency units 145 and 147 and perform despreading 
of the received signals by a prescribed PN code; RAKE 
combiner 1 62 for performing RAKE combining of the 
despread signals that have been outputted from each of 
baseband reception units 161; and Viterbi decoder 163 
for perfomning Viterbi decoding of the signals after com- 
bining. The output of Viterbi decoder 1 63 is the output of 
RAKE receiver 141, and this output is converted to 
speech signals by reception speech processor 151 that 
decodes to speech signals, and the speech signals fol- 
lowing conversion are then outputted from ear receiver 



152, In the example shown in the figure, six baseband 
reception units 161 are provided. 

[0063] Perch receiver 164 is provided with: perch 
correlator 164 for receiving baseband received signals 

5 from reception radio-frequency units 145 and 147, per- 
forming despreading of the received signals by a pre- 
scribed PN code, and detecting perch channel signals; 
perch processor 1 65 for can7ing out signal processing 
of detected perch channel signals; and Viterbi decoder 

10 1 66 for can7ing out Viterbi decoding of signals following 
signal processing. 

[0064] Arrived radiowave search circuit 149 per- 
forms a search of arrived radiowaves by detecting 
peaks of each of the propagation components for which 

15 delay times differ for perfomning RAKE combining, and 
reports a timing for despreading to each baseband 
reception unit 161 in RAKE receiver 141 and perch cor- 
relator 164 in perch receiver 164. The internal construc- 
tion of arrived radiowave search circuit 1 49 is the same 

20 as shown in Fig. 7. Information relating to the speed of 
the mobile unit that incorporates this receiver, however, 
is not provided from an electric field intensity measure- 
ment unit, but from control circuit 150, to be described 
hereinbelow. Based on the information relating to the 

25 speed of the mobile unit, arrived radiowave search cir- 
cuit 149 switches between setting the range of the peak 
search to the entire range of conceivable delay times or 
to a limited range in the vicinities of the already found 
peaks. 

30 [0065] This receiver is also provided with: control 
circuit 150 for controlling the entire receiver; and a 
transmission unit that is made up of microphone 153 for 
converting input speech to electrical signals (speech 
signals), transmission speech processor 154 for encod- 
es ing speech signals that are outputted from microphone 

153, baseband transmission processor 155 for spread- 
modulating the encoded signals by a prescribed PN 
code and converting to baseband transmission signals, 
and transmission radio-frequency unit 148 for convert- 

40 ing the baseband transmission signals to radio-fre- 
quency transmission signals. The output of 
transmission radio-frequency unit 148, i.e., radio-fre- 
quency transmission signals, is applied to the transmis- 
sion-side port of transmission/reception filter 146. 

45 [0066] Control circuit 150 in this receiver also takes 
as input the received electric field intensity values from 
RAKE receiver 141 after RAKE combining, and the 
code output and received electric field intensity values 
of the perch channel from Viterbi decoder 1 63 in perch 

50 receiver 142. Based on these received electric field 
intensity values, control circuit 150 calculates the speed 
of the mobile unit that incorporates this receiver from, 
for example, fading pitch, judges between high-speed 
movement or low-speed movement, and outputs the 

55 result of this judgment to arrived radiowave search cir- 
cuit 1 49. In other words, control circuit 1 50 has the func- 
tions of electric field intensity measurement unit 112 
(see Fig. 6) in the previously-described basic embodi- 
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ment. 

[0067] The operation of this receiver is next 
described with reference to the flow chart of Fig. 17. 
[0068] Rrst, the capture operation of the perch 
channel is carried out in Step 21 when the receiver 
power is turned ON, and synchronization is established 
in Step 22. Operations for a call origination or a call ter- 
mination begin in Step 23, and the expected reception is 
can-ied out as necessary in Step 24. Telephone commu- 
nication then begins in Step 25, and low-current con- 
sumption operation begins in Step 26. It Is then judged 
in Step 27 whether the clearing operation applies. 
Processing ends if the clearing operation applies, but if 
not, processing moves on as shown in the flow chart of 
Fig. 1 0, and communication continues with the search 
range of arrived radiowaves changing according to the 
speed of the mobile unit. 

[0069] In the case of low-speed movement in the 
receiver of this embodiment, there is no need to con- 
stantly operate arrived radiowave search circuit 149, 
which assigns reception timings to baseband processor 
161 and perch receiver 142, whereby the consumption 
of current can be reduced and, if the receiver is a porta- 
ble telephone that uses a battery, the possible talk time 
can be lengthened. 

Industrial Applicability: 

[0070] According to the present invention, when 
low-speed movement is determined by observing the 
received electric field intensity to find the fading pitch 
and then estimating the speed of movement of the 
mobile terminal from the fading pitch, the arrived radio- 
wave search circuit can be operated intermittently and 
searches of arrived radiowaves can be performed only 
in the vicinities of previously searched timings (amval 
times), thereby allowing a reduction in the power con- 
sumption of the entire mobile terminal and an extension 
in the possible talk time. 

Claims 

1 . A Code Division Multiple Access (CDMA) reception 
method that is a reception method in a mobile ter- 
minal that uses a spread spectrum to realize com- 
munication, performs a search of arrived 
radiowaves to detect radiowaves of propagation 
paths having different delay times, and uses RAKE 
combining to combine received signals from radio- 
waves of different propagation paths; said CDMA 
reception method comprising the steps of: 

detecting reception state of the received sig- 
nals; and 

changing a range of delay time in which a 
search of said an-ived radiowaves is performed 
when said reception state satisfies a pre- 
scribed condition. 



2. A CDMA reception method according to claim 1, 
wherein said prescribed condition is absence of 
fading. 

5 3. A Code Division Multiple Access (CDMA) reception 
method that is a reception method in a mobile ter- 
minal that uses a spread spectrum to realize com- 
munication, perfomis a search of an'ived 
radiowaves to detect radiowaves of propagation 
10 paths having different delay times, and uses RAKE 
combining to combine received signals from radio- 
waves of different propagation paths; said CDMA 
reception method comprising the steps of: 

15 detecting an amount of fluctuation in received 

electric field of the received signals; and 
changing a range of delay time in which a 
search of said arrived radiowaves is performed 
when said amount of fluctuation satisfies a pre- 
20 scribed condition. 

4. A CDMA reception method according to claim 3, 
wherein said prescribed condition is absence of 
fading. 

25 

5. A CDMA reception method according to claim 3, 
wherein said amount of fluctuation is at least one of 
fading pitch and depth of fading. 

30 6, A Code Division Multiple Access (CDMA) reception 
method that is a reception method in a mobile ter- 
minal that uses a spread spectrum to realize com- 
munication, perfomns a search of arrived 
radiowaves to detect radiowaves of propagation 
35 paths having different delay times, and uses RAKE 
combining to combine received signals from radio- 
waves of different propagation paths; wherein said 
CDMA reception method comprising the steps of: 

40 detecting an amount of fluctuation in received 

electric field of the received signals; and 
switching a range of delayed time in which a 
search of said arrived radiowaves is performed 
among a plurality of levels according to said 
45 amount of fluctuation. 

7. A CDMA reception method according to claim 6, 
wherein a range of delay time in which a search of 
said radiowaves Is perfonmed at a level of said plu- 

50 raltty of levels that accords with an amount of fluctu- 
ation that con^esponds to a relatively high speed of 
movement of said mobile terminal is greater than a 
range of delay time in which a search of said radio- 
waves is performed at a level that accords with an 
55 amount of fluctuation that corresponds to a rela- 
tively low speed of movement. 

8. A CDMA reception method according to claim 6, 
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wherein said amount of fluctuation is at least one of 
fading pitch and depth of fading. 

9. A Code Division Multiple Access (CDMA) reception 
method that is a reception method in a mobile ter- 
minal that uses a spread spectrum to realize com- 
munication, performs a search of arrived 
radiowaves to detect radiowaves of propagation 
paths having different delay tinnes, and uses RAKE 
combining to combine received signals from radio- 
waves of different propagation paths; said CDMA 
reception method comprising the steps of: 

detecting an amount of fluctuation in received 
electric field of the received signals; 
distinguishing whether said mobile terminal is 
in a relatively high-speed state or a relatively 
low-speed state based on said amount of fluc- 
tuation; and 

performing a search of said arrived radiowaves 
intermittently by performing a search of said 
an-ived radiowaves only in vicinities of previ- 
ously found an-ival times for each of said prop- 
agation paths when said mobile terminal is in 
said relatively low-speed state. 

10. A CDMA reception method according to 9, wherein 
sard amount of fluctuation is at least one of fading 
pitch and depth of fading. 

11. A Code Division Multiple Access (CDMA) reception 
method that is a reception method in a mobile ter- 
minal that uses a spread spectrum to realize com- 
munication, performs a search of arrived 
radiowaves to detect radiowaves of propagation 
paths having different delay tinnes, and uses RAKE 
combining to combine received signals from radio- 
waves of different propagation paths; said CDMA 
reception method comprising the steps of: 

detecting an amount of fluctuation in received 
electric field; 

distinguishing whether said mobile terminal is 
in a relatively high-speed state or a relatively 
low-speed state based on said amount of fluc- 
tuation by comparing with a threshold value; 
and 

performing a search of said an-ived radiowaves 
intermittently by perfomriing a search of said 
anived radiowaves only in vicinities of previ- 
ously found an-ival times for each of said prop- 
agation paths when said mobile terminal is in 
said relatively low-speed state. 

12. A CDMA reception method according to claim 11. 
wherein a hysteresis characteristic is added in 
which a threshold value that corresponds to a tran- 
sition from said state of relatively low speed of 
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movement to said state of relatively high speed of 
movement differs from a threshold value that corre- 
sponds to a transition from said state of relatively 
high speed of movement to said state of relatively 
5 low speed of movement, 

13. A CDMA reception method according to claim 11, 
wherein said amount of fluctuation is at least one of 
fading pitch and depth of fading. 

10 

14. A Code Division Multiple Access (CDMA) reception 
method that is a reception method in a mobile ter- 
minal that uses a spread spectrum to realize com- 
munication, performs a search of amved 

15 radiowaves to detect propagation paths having dif- 
ferent delay times, and uses RAKE combining to 
combine received signals from radiowaves of differ- 
ent propagation paths; said CDMA reception 
method comprising the steps of: 

20 

detecting an amount of fluctuation in received 
electric field of the received signals; 
distinguishing whether value of said amount of 
fluctuation is in a relatively large value state or 

25 a relatively small value state; and 

performing a search of said arrived radiowaves 
intennittently by performing a search of said 
arrived radiowaves only in vicinities of previ- 
ously found arrival times for each of said prop- 

30 agation paths when the value of said amount of 

fluctuation is in the relatively small value state. 

15. A CDMA reception method according to claim 14, 
wherein said amount of fluctuation is at least one of 

35 a reciprocal of fading pitch and depth of fading. 

16. A Code Division Multiple Access (CDMA) reception 
method that is a reception method in a mobile ter- 
minal that uses a spread spectrum to realize com- 

40 munication, performs a search of arrived 
radiowaves to detect propagation paths having dif- 
ferent delay times, and uses RAKE combining to 
combine received signals from radiowaves of differ- 
ent propagation paths; said CDMA reception 

45 method comprising the steps of: 

detecting an amount of fluctuation in received 
electric field; 

comparing a value of said amount of fluctuation 
50 with a prescribed threshold value; and 

perfomning a search of said arrived radiowaves 
intermittently by performing a search of said 
arrived radiowaves only in vicinities of previ- 
ously found arrival times for each of said prop- 
55 agation paths when the value of said amount of 

fluctuation is smaller than said threshold value. 

17. A CDMA reception method according to claim 16 
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wherein said amount of fluctuation is at least one of 
a reciprocal of fading pitch and depth of fading. 

18. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile terminal 
that uses a spread spectrum to realize communica- 
tion, and uses RAKE combining to combine 
received signals from radiowaves of different prop- 
agation paths; said CDMA reception circuit com- 
prising: 

baseband reception means for perfomning 
despreading of the received signals; 
electric field intensity measurement means for 
detecting an amount of fluctuation in received 
electric field of the received signals; and 
an an-ived radiowave search circuit for perform- 
ing a search of arrived radiowaves that detects 
radiowaves of propagation paths of different 
delay times, and assigning radiowaves of differ- 
ent propagation paths to respective said base- 
band reception means; 

wherein a range of delay time of the search of 
amved radiowaves that is perfomned by said 
anrived radiowave search circuit changes when 
said amount of fluctuation satisfies a pre- 
scribed condition. 

19. A CDMA reception circuit according to claim 18, 
wherein said prescribed condition is the absence of 
fading. 

20. A CDMA reception circuit according to claim 18, 
wherein said an-ived radiowave search circuit oper- 
ates intermittently when the range of delay time of 
the arrived radiowave search performed by said 
an-ived radiowave search circuit is modified to 
become smaller. 

21. A CDMA reception circuit according to claim 18, 
wherein said amount of fluctuation is at least one of 
fading pitch and depth of fading. 

22. A CDMA reception circuit according to claim 18, 
wherein said baseband reception means is consti- 
tuted by a plurality of baseband reception units nec- 
essary for RAKE reception. 

23. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit In a mobile terminal 
that uses a spread spectrum to realize communica- 
tion and uses RAKE combining to combine 
received signals from radiowaves of different prop- 
agation paths; said CDMA reception circuit com- 
prising: 

baseband reception means for perfomning 
despreading of the received signals; 



electric field intensity measurement means for 
detecting an amount of fluctuation in received 
electric field of the received signals; and 
an arrived radiowave search circuit for perform- 

5 ing a search of arrived radiowaves that detects 

radiowaves of propagation paths of different 
delay times, and assigning radiowaves of differ- 
ent propagation paths to respective said base- 
band reception means; 

10 wherein a range of delay time in which said 

arrived radiowave search circuit performs a 
search of arrived radiowaves is switched 
among a plurality of levels according to said 
amount. of fluctuation such that the range of 

15 delay time in which said radiowave search is 

performed at the level for an amount of fluctua- 
tion that con-esponds to a relatively high speed 
of movement of said mobile terminal is greater 
than the range of delay time in which said radi- 

20 owave search is performed at the level for an 

amount of fluctuation that con-esponds to a rel- 
atively low speed of movement 

24. A CDMA reception circuit according to claim 23, 
25 wherein said arrived radiowave search circuit oper- 
ates intermittently when the range of delay time of 
the arrived radiowave search performed by said 
arrived radiowave search circuit is modified to 
become smaller 

30 

25. A CDMA reception circuit according to claim 23, 
wherein said amount of fluctuation is at least one of 
fading pitch and depth of fading. 

35 26. A CDMA reception circuit according to claim 23, 
wherein said baseband reception means is consti- 
tuted by a plurality of baseband reception units nec- 
essary for RAKE reception. 

40 27. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile temriinal 
that uses a spread spectrum to realize communica- 
tion and uses RAKE combining to combine 
received signals from radiowaves of different prop- 

45 agation paths; said CDMA reception circuit com- 
prising: 

baseband reception means for performing 
despreading of the received signals; 

50 electric field intensity measurement means for 

detecting an amount of fluctuation in received 
electric field of the received signals; and 
an arrived radiowave search circuit for perfonn- 
ing a search of amved radiowaves that detects 

55 radiowaves of propagation paths of different 

delay times, and assigning radiowaves of differ- 
ent propagation paths to respective said base- 
band reception means; 
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wherein speed of movement of said mobile ter- 
minal is estimated from a value of said amount 
of fluctuation, and it is distinguislied whether 
said mobile terminal is in a state of relatively 
low-speed movement or in a state of relatively 
high-speed movement, and when In said state 
of relatively low-speed movement, said arrived 
radiowave search circuit performs said search 
of arrived radiowaves only in vicinities of previ- 
ously found arrival times for each of said prop- 
agation paths. 

28. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile terminal 
that uses a spread spectrum to realize communica- 
tion and uses RAKE combining to combine 
received signals from radiowaves of different prop- 
agation paths; said CDMA reception circuit com- 
prising: 

a plurality of baseband reception units for per- 
forming despreading of the received signals; 
electric field intensity measurement means for 
detecting an amount of fluctuation in received 
electric field of the received signals; and 
an an^ived radiowave search circuit for perform- 
ing a search of arrived radiowaves that detects 
radiowaves of propagation paths of different 
delay times, and assigning radiowaves of differ- 
ent propagation paths to respective said base- 
band reception units; 

wherein speed of movement of said mobile ter- 
minal is estimated from a value of said amount 
of fluctuation, said speed of movement is com- 
pared with a prescribed threshold value, and 
when a value of said speed of movement is 
smaller than said threshold value, said arrived 
radiowave search circuit performs said search 
of arrived radiowaves only in vicinities of previ- 
ously found an-ival times for each of said prop- 
agation paths. 

29. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile terminal 
that uses a spread spectrum to realize communica- 
tion and uses RAKE combining to combine 
received signals from radiowaves of different prop- 
agation paths; said CDMA reception circuit com- 
prising: 

baseband reception means for performing 
despreading of the received signals; 
electric field intensity measurement means for 
detecting an amount of fluctuation in received 
electric field of the received signals; and 
an an-ived radiowave search circuit for perform- 
ing a search of arrived radiowaves that detects 
radiowaves of propagation paths of different 



28 

delay times, and assigning radiowaves of differ- 
ent propagation paths to respective said base- 
band reception means; 

wherein it is distinguished whether a value of 
said amount of fluctuation is in a relatively high 
value state or a relatively low value state, and 
when the value of said amount of fluctuation is 
in said relatively low value state, said arrived 
radiowave search circuit performs said search 
of amved radiowaves only in vicinities of previ- 
ously found arrival times for each of said prop- 
agation paths. 

30. A CDMA reception circuit according to claim 29. 
wherein said an-ived radiowave search circuit oper- 
ates intermittently when performing said search of 
arrived radiowaves only in vicinities of previously 
found arrival times for each of said propagation 
paths. 

31. A CDMA reception circuit according to claim 29, 
wherein said amount of fluctuation is at least one of 
a reciprocal of fading pitch and depth of fading. 

32. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile terminal 
that uses a spread spectrum to realize communica- 
tion and uses RAKE combining to combine 
received signals from radiowaves of different prop- 
agation paths; said CDMA reception circuit com- 
prising: 

baseband reception means for performing 
despreading of the received signals; 
electric field intensity measurement means for 
detecting an amount of fluctuation in received 
electric field of the received signals; and 
an arrived radiowave search circuit for perform- 
ing a search of arrived radiowaves that detects 
radiowaves of propagation paths having differ- 
ent delay times, and assigning radiowaves of 
different propagation paths to respective said 
baseband reception means; 
wherein a value of said amount of fluctuation is 
compared with a prescribed threshold value, 
and when the value of said amount of fluctua- 
tion is smaller than said threshold value, said 
arrived radiowave search circuit perfomns said 
search of an-ived radiowaves only in vicinities 
of previously found an-ival times for each of 
said propagation paths. 

33. A CDMA reception circuit according to claim 32, 
wherein said arived radiowave search circuit oper- 
ates intennrttently when performing said search of 
arrived radiowaves only in the vicinities of previ- 
ously found arrival times for each of said propaga- 
tion paths. 
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34. A CDMA reception circuit according to clainn 32, 
wherein said amount of fluctuation is at least one of 
a reciprocal of fading pitch and depth of fading. 

35. A Code Division Multiple Access (CDMA) reception s 
circuit that is a reception circuit in a mobile tenninal 
that uses a spread spectrum to realize communica- 
tion, performs a search of arrived radiowaves that 
detects radiowaves of propagation paths having dif- 
ferent delay times, and uses RAKE combining to io 
combine received signals from radiowaves of differ- 
ent propagation paths; characterized in that 

a reception state of the received signals is 
detected, and a range of delay time in which is 
said search of arrived radiowaves is performed 
is modified when said reception state meets a 
prescribed condition. 

36. A Code Division Multiple Access (CDMA) reception 20 
circuit that is a reception circuit in a mobile tenninal 
that uses a spread spectrum to realize communica- 
tion, performs a search of arrived radiowaves that 
detects radiowaves of propagation paths having dif- 
ferent delay times, and uses RAKE combining to 25 
combine received signals from radiowaves of differ- 
ent propagation paths; characterized in that 

an amount of fluctuation in received electric 
field of the received signals is detected, and a 30 
range of delay time in which said search of 
an-ived radiowaves is perfonned is modified 
when said amount of fluctuation meets a pre- 
scribed condition. 

35 

37. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile terminal 
that uses a spread spectrum to realize communica- 
tion, performs a search of arrived radiowaves that 
detects radiowaves of propagation paths having dif- 40 
ferent delay times, and uses RAKE combining to 
combine received signals from radiowaves of differ- 
ent propagation paths; characterized in that 



ent propagation paths; characterized in that 

an amount of fluctuation of received electric 
field of the received signals is detected, it is dis- 
tinguished, based on said amount of fluctua- 
tion, whether said mobile terminal is in a state 
of relatively high-speed movement or in a state 
of relatively low-speed movement, and during 
said state of relatively low-speed movement, 
said search of arrived radiowaves is perfomned 
intemnittently by performing said search of 
arrived radiowaves only in vicinities of previ- 
ously found arrival times for each of said prop- 
agation paths. 

39. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile terminal 
that uses a spread spectrum to realize communica- 
tion, performs a search of amved radiowaves that 
detects radiowaves of propagation paths having dif- 
ferent delay times, and uses RAKE combining to 
combine received signals from radiowaves of differ- 
ent propagation paths; characterized in that 

an amount of fluctuation in received electric 
field of the received signals is detected, it is dis- 
tinguished whether a value of said amount of 
fluctuation is in a relatively high value state or a 
relatively low value state, and when the value of 
said amount of fluctuation is in said relatively 
low value, said search of arrived radiowaves is 
performed intermittently by perfonming said 
search of arrived radiowaves only in vicinities 
of previously found arrival times for each of 
said propagation paths. 



an amount of fluctuation in received electric 45 
field of the received signals is detected, and a 
range of delay times in which said search of 
arrived radiowaves is perfonned is switched 
among a plurality of levels according to said 
amount of fluctuation. so 



38. A Code Division Multiple Access (CDMA) reception 
circuit that is a reception circuit in a mobile terminal 
that uses a spread spectrum to realize communica- 
tion, performs a search of arrived radiowaves that 55 
detects radiowaves of propagation paths having dif- 
ferent delay times, and uses RAKE combining to 
combine received signals from radiowaves of differ- 
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